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U. S. Department of Agriculture, 
Office of Experiment Stations, 

Washington, D. C, February W, 1906. 

Sir: I have the honor to transmit herewith and to recommend for 
publication as a Farmers' Bulletin a summary of data on cereal break- 
fast foods prepared by Charles D. Woods, director of the Maine 
Agricultural Experiment Station, and Harry Snyder, professor of 
chemistry in the College of Agriculture of the University of Minne- 
sota, in accordance with instructions given by the Director of this 
Office. For assistance in preparing the bulletin acknowledgment is 
made to Miss Helen W. Atwater. 

For several years Professors Woods and Snyder have been studying 
the digestibility and nutritive value of cereal breakfast foods and 
related questions as a part of the investigations which they have 
carried on in cooperation with this Office. The results of their inves- 
tigations are summarized in the present bulletin, together with other 
available data regarding this class of food products, which has assumed 
such great importance during recent years. In general, it may be 
said that while some of the claims made for many of the brands found 
on the market are extravagant, and the prices asked for some of the 
proprietary goods are high in comparison with the nutritive material 
furnished, yet cereal breakfast foods as a whole are wholesome and . 
important articles of diet. 

Respectfully, A. C. True, 

Director. 

Hon. James Wilson, 

Secretary of Agriculture. 
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CEREAL BREAKFAST FOODS. 



INTRODUCTION. 

There is no part of the world except the Arctic regions where cereals 
are not extensively cultivated. From the oats and rye of the north to 
the rice of the hot countries, grains of some kind are staple foods. 

An idea of the importance of cereal foods in the diet may be gath- 
ered from the following data, based upon the results obtained in dietary 
studies with a large number of American families. Vegetable foods, 
including flour, bread, and other cereal products, furnished 55 per 
cent of the total food, 39 per cent of the protein, 8 per cent of the fat, 
and 95 per cent of the carbohydrates of the diet. The amounts which 
cereal foods alone supplied were 22 per cent of the total food, 31 per 
cent of the protein, 7 per cent of the fat, and 55 per cent of the total 
carbohydrates — that is, about three-quarters of the vegetable protein, 
one-half of the carbohydrates, and seven-eighths of the vegetable fat 
were supplied by the cereals. Oat, rice, and wheat breakfast foods 
together furnished about 2 per cent of the total food and protein, 1 
per cent of the total fat, and 4 per cent of the carbohydrates of the 
ordinary mixed diet, as shown by the statistics cited. These percentage 
values are not high in themselves, but it must be remembered that 
they represent large quantities when we consider the food consumed 
by a family in a year. 

The reasons for such an extensive use of cereal foods are not hard 
to find. Besides being cheaply and easily grown, the grains contain 
unusually good proportions of the necessary food ingredients with a 
very small proportion of refuse. They are also readily prepared for 
the table and are palatable and digestible. Owing to their dryness 
they are compact and easily preserved without deterioration. 

The grain as it grows on the stalk is surrounded by a hull or husk, 
which is so indigestible that it is removed before the seed is used for 
food. Each gr^in has an outer skin or bran layer, which may or 
may not be removed in milling. It is nearly always taken off from 
rice and buckwheat, sometimes from wheat, corn, and rye, and almost 
never from the other grains unless the outer sections are ground off 
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as in pearled barley. Grains simply hulled or husked and slightly 
crushed are called groats or grits; more finely crushed they are termed 
meal, and when ground into a fine powder and sifted they are known 
as flour. 

Grains in the raw state are not usually considered pleasant to the 
taste and are thought to be difficult of digestion, and therefore cereals 
are almost always cooked before eating. The simplest and doubtless 
the oldest way of cooking them was by parching. This was fre- 
quently all that was done to the oats which the Scotch Highlanders 
took as their only provisions in their border forays, or to the corn the 
American Indians used for a similar purpose. But other ways of 
cooking make the grain more palatable, and it is usually mixed with 
water or other liquid and either baked as bread and cakes or boiled or 
steamed as pudding or porridge. It is the use of cereals as porridge 
that is of special interest, as cereal breakfast foods are most commonly 
used in America for porridge making or as a substitute for porridge. 
When used in this form they are perhaps not as convenient to eat as 
bread, do not keep so well, and require long cooking, but in spite 
of these disadvantages porridge is much used the world over, and 
grains have been thus cooked since earliest times. Many varieties of 
porridge are found. Sometimes the cereals are simply boiled in water, 
sometimes with milk, or with meat or kale, as in Scotch brose. Welsh 
budrum is made from oats which have been allowed to ferment and are 
then cooked, and the Arabs have a similar dish, kouskous, made from 
fermented wheat. In the old-fashioned bag puddings of England, of 
which Christmas plum puddings are the direct descendants, suet and 
fruit were mixed with wheat or barley and all steamed together in a 
bag. The simpler kinds of porridge are, however, the most common, 
and it is from them that modern cereal breakfast foods have been 
developed. 

The number and variety of cereal breakfast foods at present on the 
market are large, but the majority of them fall readily into one of 
three groups. The first includes those which are prepared by simply 
grinding the grain, the second those which have been steamed or 
otherwise partially cooked and then ground or rolled, and the third 
those preparations which have been acted upon by malt, which induces 
a greater or less chemical change in the starch present. 

No class of foods is more extensively or ingeniously advertised than 
the cereal breakfast foods. The claims sometimes made for them are 
astonishing. Some of them are said to contain several times as much 
nourishment as the same weight of beef; others are lauded as espe- 
cially valuable as brain food or nerve tonics, and very many are claimed 
to be particularly well suited for persons of weak digestion. Many of 
these claims are obviously preposterous, others are doubtless true, and 

249 



9 



still others contain an ingenious mixture of fact and fancy. Kealizing 
that accurate information in regard to breakfast foods was needed, 
investigators at several agricultural experiment stations have recently 
studied their composition and food value, and it is now possible to make 
a number of definite and reliable statements about them. 

GRAINS USED FOB BREAKFAST FOODS. 

The grains ordinarily used in the United States for this class of foods 
are corn, oats, rice, and wheat; less commonly, barley; and in some 
sections wild rice. In other parts of the World millet, rye, buckwheat, 
Kafir corn, and other cereals are cooked into porridge, but with us 
they are too uncommon to warrant extended discussion. 

Barley, which grows in almost any latitude, is more commonly eaten 
in Europe than in the United States, but less now than in farmer times. 
Its chief use in this country is for making malt, though pearled barley 
is frequently put into soups and a few barley breakfast foods are seen. 
Some of these last, however, are not made from barley alone, but from 
barley mixed with other grains. 

Corn (maize) is a native American cereal, and although used exten- 
sively in Southern Europe and parts of the Orient, is still most widely 
used in this country. - Since earliest times corn bread of various sorts, 
corn mush, and other corn dishes have been popular in the United 
States, the proportion of corn eaten being perhaps larger in the 
Southern States than in the North or West. There are many varieties 
of corn, differing in form, size, and color, but the average chemical 
composition in all cases is much the same. The germ of corn is rela- 
tively large and rich in fat, which tends to become rancid in keeping 
and is therefore sometimes removed in preparing the more popular 
meals. The names for the different corn products vary in different parts 
of the country. In some sections the whole kernels are called hominy 
and the partially crushed ones samp, while in others exactly the reverse 
is true. The old-fashioned hulled corn is sometimes called lye hominy. 
In making this the skin is loosened by steeping the kernels in a weak 
solution of lye, which gives a peculiar flavor to the product. 

Oats are distinctively a cereal of northern regions, and wherever 
grown are an important porridge staple. In old-fashioned oatmeal 
much of the husk, which adheres closely to the grain, often remained 
in the meal. This seems now to have been largely remedied by 
improved methods of milling, though some tough particles of skin 
are still left in the finished product. Nevertheless, when thoroughly 
cooked, oats are a healthful food, the widespread use of which is well 
justified. The oat breakfast foods keep better than similar products 
made from wheat and corn. 
22105— No. 249—06 2 
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Rice, as everyone knows, is a staple food in all tropical and sub- 
tropical regions and is much eaten elsewhere. The unhusked grain is 
usually called by the East Indian name of paddy. The husk and dark 
inner skin require special machinery to remove them. In the East new 
rice is considered inferior to old. All agree that it should not be eaten 
until three months after harvesting, and many consider it best after 
it is three years old. 

Wheat is the most important breadstuff, and in the United States is 
also an important breakfast cereal. The old English dish, frumenty, 
made by boiling the husked grains with milk and spices, seems to 
be about the only one in which the grain is used whole. The slightly 
crushed grains with the bran left on are called cracked wheat or wheat 
grits. Wheat is also rolled or flaked, and is shredded by a special 
process. The majority of our wheat breakfast foods seem to contain 
at least a part of the middlings, farina and gluten preparations being 
the main exceptions. 

Wild rice {Zizania aquatica), also called Indian and Canada rice and 
water oats, is a handsome reed-like water grass native in North Amer- 
ica, found as far south as Texas and north into Canada, being especially 
common in the north-central United States and south-central Canada. 
The Indians have long used its seeds for food, gathering the crop and 
parching it to improve the keeping qualities and flavor. Their white 
neighbors, and especially sportsmen, have more and more followed 
their example until wild rice has become a well-known food in the 
regions where it is abundant and has found its way to many clubs and 
homes and is now seen on the menus of some fashionable hotels, where 
it is served not only with game but also as a special cereal dish. It gets 
its name from a very slight resemblance to real rice, the seeds being 
longer, thinner, and darker in color than the latter, and having a more 
pronounced flavor. It requires much longer cooking than ordinary 
rice. 

PREPARATION OF MODERN CEREAL BREAKFAST FOODS. 

Until recently, when the cereals were intended for porridge, they 
were, as a rule, simply husked and more or less crushed. Such prod- 
ucts required long, slow cooking, and were hardly convenient for 
those who could not keep a fire all day. The earliest of the cereal 
breakfast foods which came into general use in the United States were 
of this class, oats being the most commonly eaten. Coarsely ground 
uncooked wheat does not seem to have been so generally used for pre- 
paring a breakfast dish, though corn meal and hominy have long been 
and still are popular. As the use of cereal breakfast foods became 
more common, the raw products were to a considerable extent replaced 
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by the so-called rolled oats and wheat, in which more or less of the 
cooking had been done at the factory, and these goods are commonly 
conceded to surpass the simpler old-fashioned raw products in ease of 
preparation in the household and in other ways. The manufacturers 
claim that the malted and otherwise specially prepared goods, which 
are a later development, represent a still further advance. These spe- 
cially prepared cereals are usually sold in packages under proprietary 
names, which may or may not indicate their real nature. The methods 
of preparation vary greatly, and the exact details of processes are, 
of course, the secrets of the manufacturers. However, enough is 
known to give a fairly correct idea of the processes. 

To begin with, the grains are usually very carefully cleaned. 
Ingenious devices have been invented for removing foreign seeds, 
dirt, and other substances which may have found their way into the 
grain. The husk or glumes of such grains as oats, barley, and rice 
are very thoroughly removed, so that the amount left in is much 
smaller than formerly. 

Among the first of the modern preparations to be introduced were 
the "rolled" grains. To make these the husked grain is cooked for 
some time by steam and while still wet is run between rollers and 
pressed into thin flakes. After drying, the product is ready for 
marketing. Such rolled grains usually do not pretend to be more 
than partly cooked and are supposed to be thoroughly recooked before 
serving. 

The ready-to-eat brands are prepared in a great variety of ways. 
Some are probably simply cooked in water and then dried and 
crushed; some are made of a mixture of different grains; some have 
common salt, malt, and apparently sugar, molasses, or other carbo- 
hydrate material added to them; some probably caramel or other 
similar coloring matter. Those with a flake-like appearance are made 
like rolled grains, save that the cooking is continued longer. Those 
which look like dried crumbs are probably made into a dough, baked, 
crushed, and browned. The shredded preparations are made with 
special machinery which tears the steam-cooked kernels into shreds 
and deposits them in layers or bundles. Very many of the ready-to- 
eat cereals are parched or toasted before packing. This gives them a 
darker color, makes them more crisp, and imparts a flavor which 
many persons relish. 

In the so-called "malted" or " predigested " preparations malt or 
some similar substance is added during the process of manufacture. 
Malt, it will be recalled, is grain (usually barley) allowed to germinate 
until a ferment called diastase is developed, and then kiln-dried. This 
ferment, like some others, has the power, under certain conditions, of 
changing starch, which is insoluble in water, into various soluble 
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forms, such as dextrin, isomaltose, and maltose (sugar of malt). 
These soluble forms are more easily acted upon by the digestive juices 
than the original starch. How much starch is actually changed in the 
malted cereals and how desirable it is to have it so changed outside of 
the body are questions which are considered in a later section (p. 20). 

Some of the cereal foods have apparently been cooked by dry heat 
only. In the case of puffed rice, which suggests popped corn somewhat 
in flavor and texture, it is said that the expansion of the grain is caused 
by heating it under pressure at a fairly high temperature and then 
suddenly diminishing the pressure. 

In comparing the new cereal preparations with the old-fashioned 
ones we must not forget the neatness with which they are now put up. 
It was hard to tell what might have happened to some of the old 
brands. They were often ground from imperfectly cleaned grain, 
in small and inconvenient mills where it was hard to keep out dirt, 
and were very commonly sold from bins and barrels into which dust 
could easily find a way. In the modern mill cleanliness is found to 
be the best policy, and the neat, almost air-tight paper and cardboard 
packages in which the foods are sold are, as a rule, an assurance to 
the purchaser that they reach him as clean and fresh as they left the 
mill. In some of the manufactories the preparation of the cereal food 
seems almost perfection as regards cleanliness. 

For convenience in transporting and handling, as well as to insure 
absolute protection from moisture and from air containing dust and 
germs, some cereal breakfast foods are marketed in sealed tin cans. 
The cans are evidently filled under pressure and consequently the 
cereals occupy relatively a small amount of space per pound. In 
provisioning camps, expeditions, etc., the small bulk and the fact that 
such goods can not be so readily damaged by water might prove an 
advantage. 

NUTRIENTS AND ENERGY— TOTAL AND DIGESTIBLE NUTRIENTS 
IN CEREAL BREAKFAST FOODS. 

Before discussing the chemical composition, digestibility, and nutri- 
tive value of cereal foods, it seems worth while to speak briefly of the 
general principles on which such a discussion must be based. The 
constituents of all foods, it will be recalled, are water, protein, fats, 
carbohydrates, and mineral matter or ash. Water, though needed 
in considerable quantities by the body, is obtained from beverages 
as well as from solid food and does not count as one of the nutritive 
materials or nutrients of food. It might be left entirely out of con- 
sideration in discussions like this save that its presence in food decreases 
the proportion of nutrients. Protein is the foundation of all the 
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tissues of the body and is an indispensable food ingredient. It is also 
the most costly of all nutrients. The carbohydrates include the various 
kinds of sugars and starches, commonly grouped together under the 
name nitrogen-free extract. Cellulose, or crude fiber, which forms 
the woody or straw-like framework of plants, also belongs to the car- 
bohydrate group. It is here considered separately because, while the 
other carbohydrates are valuable nutrients, crude fiber is so indi- 
gestible that it has almost no food value. It is, however, undoubtedly 
useful in giving the needed bulk to the food. The fats include the 
numerous fats and oils in the diet, like those of butter, cream, fat of 
meat, olive oil, etc. Mineral matter or ash includes phosphates, 
chlorids, and other salts of calcium, magnesium, sodium, potassium, 
iron, etc. 

The nutrients supplied in the food enable the body to grow and to 
repair its tissues as they are worn out in the necessary exercise of the 
body functions. Another of the great uses of food is to supply the 
body with the energy needed for its various activities and for keeping 
up body heat. During digestion, assimilation, and utilization food 
undergoes great chemical changes in the body, many of which liberate 
heat. It is through such chemical processes that the energy required 
for internal and external muscular work is provided and the body 
temperature maintained. Energy may be very conveniently measured 
in terms of heat, the calorie a or heat unit being used for this purpose. 
It quite naturally follows that the amount of energy which the body 
gets from any food is spoken of as its fuel value. All the nutrients 
except mineral matters are sources of energy, but since protein, the 
only nutrient containing nitrogen, has tissue-building functions which 
the other nutrients do not possess, the body usually finds it more 
economical to use fat and carbohydrates largely as energy-yielding 
foods. As sources of energy fats are more concentrated than protein 
and carbohydrates, one pound of digestible fat supplying 4,260 calories 
of heat or energy, or about two and one-fourth times as much as a 
pound of protein or carbohydrates, which yields, respectively, 2,000 
and 1,860 calories. 

The terms digestion and digestible as commonly used frequently 
refer to ease or quickness of digestion or to the "agreement" of a given 
food with an individual. In physiological discussions "digestibility" 
more commonly refers to the thoroughness with which a food is 
absorbed — that is, the amount or percentage of nutrients retained by 
the body when food passes through the digestive tract. Digestibility 
may be determined by actual experiments or, when experiments can 

"A calorie represents very nearly the amount of heat required to raise the tem- 
perature of 1 pound of water from 0° to 4° F. 
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not be conveniently undertaken, may be calculated with reasonable 
accuracy by the aid of standard factors, which have been derived from 
actual experiments. 

On page 18 the results of a large number of digestion experiments 
with cereal breakfast foods are summarized. These average values 
were used in computing the results given in Table 1, showing the 
average composition of various sorts of cereal breakfast foods, the 
proportion of digestible nutrients which they supply, and the energy 
value of the digestible nutrients. For purposes of comparison some 
other common foods are also included in the table. In this and other 
tables the different cereal breakfast foods are arranged in groups, 
but trade names are not used. If the housewife who is interested in 
any special brand will take note of its physical characteristics and 
appearance, she should be able to determine the class in which it 
should be included, and so decide as to its comparative value. 



Table 1. — Total and digestible nutrients and fuel value of cereal breakfast foods and some 
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Table 1. — Total and digestible nutrients and fuel value of cereal breakfast foods and some 

other foods — Continued. 
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Whole rice, polished 


12.3 


6.9 


.3 


8« 


.0 


.5 


5.8 


.3 


78.4 


,4 


1,546 


Flaked, steam-cooked 


10.2 


8.3 


.3 


79.7 


1.2 


.3 


6.9 


.3 


79.2 


.2 


1,596 


Puffed rice 


7.1 


6.2 


.6 


8S 


.7 


.4 


5.1 


.5 


84.0 


.3 


1,639 




.7 


8.6 


.2 


9( 


.0 


.5 


7.1 


.2 


88.7 


.4 


1,754 


Wild rice: 


























9.-9 


13.7 


.9 


72.7 


1.2 


1.6 














9.6 


13.0 


.9 


74.0 


1.1 


1.4 


10.1 


.8 


70.4 


1.1 


1,565 


Kafir com: 
























Flour 


16.7 


6.6 


3.8 


69.5 


1.2 


2.2 


5.1 


3.4 


66.3 


1.7 


1,452 




16.1 


11.2 


.6 


68.1 


2.0 


2.1 


8.7 


.5 


65.8 


1.6 


1,426 


Bread, entire wheat 


38.4 


9.7 


.9 


48.5 


1.2 


1.3 


8.0 


.8 


46.7 


1.0 


1,079 


Bread, Graham 


35.7 


8.9 


1.8 


51.0 


1.1 


1.5 


6.8 


1.6 


47.4 


1.1 


1,081 




36.3 


9.2 


1.3 


62.6 


.5 


1.1 


8.1 


1.2 


52.0 


.8 


1,203 




6.8 


10.7 


8.8 


71.4 


.5 


1.8 


9.1 


7.9 


70.6 


1.4 


1,905 


Macaroni 


10.3 


13.4 


.9 


74 


.1 


1.3 


11.6 


.8 


72.2 


1.0 


1,660 




12.6 


22.6 


1.8 


55.2 


4.4 


3.5 


17.6 


1.6 


67.8 


2.6 


1,434 


Peas, dried 


9.6 


24.6 


1.0 


57.5 


4.5 


2.9 


19.2 


.9 


60.1 


2.2 


1,487 


Potatoes, raw 


78.3 


2.2 


.1 


18.0 


.4 


1.0 


1.6 


.1 


18.2 


.8 


369 


66.0 


20.3 


13.6 






1.1 


19.9 


12.9 




.8 


950 













Different specimens of the same gi*ain show considerable variations 
in composition, depending upon such factors as the vai'iety, the soil, 
the climate, and the season in which they are grown. The cereal 
breakfast foods and other materials prepared from the grains naturally 
show a corresponding range in composition, but in general are quite 
similar in composition to the grains from which they are made. The 
methods of hulling, milling, and manipulation to which the breakfast 
foods and similar goods are submitted naturally exercise some effect 
on composition. Thus, two specimens of oatmeal may vary in the 
amount of crude fiber which is left in the manufactured product, or 
one brand of rice or pearled: barley may be polished down more 
thoroughly than another. It is believed, however, that the figures 
in the foregoing table, which are based on a large number of analyses, 
are representative, and that they show average values for various 
products as they are found in American markets. 

The analytical data summarized in the table show that the grains 
and the products made from them, as is obvious from their appear- 
ance, are comparatively dry materials, the average water content 
of the uncooked material being not far from 10 per cent. The cereal 
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grains and their products have a fairly high protein content, but 
the carbohydrates, especially nitrogen-free extract, make up the 
nutrient group present in the largest proportion. The fat content, 
though never large, varies within rather wide limits, being greatest 
in corn and oats and their products and lowest in rice. The propor- 
tion of ash in cereals is small, as indeed is the case with all the com- 
mon food products. Some variation is observed, the coarser grain 
products containing rather more ash than those made up of the interior 
portion of the grain. Such differences are, however, too small to be 
of much account in an ordinary diet, since the amount of ash constit- 
uents supplied will almost always be more than sufficient for all 
needs. 

In comparing the composition of the different cereals it is apparent 
that while they resemble each other closely and all are rich in carbo- 
hydrates, there are certain differences between them which are quite 
characteristic. Thus, corn is characterized by a relatively high pro- 
portion of fat; oats are relatively rich in both protein and fat; rice is 
comparatively free from crude fiber and fat; wheat and rye have a high 
proportion of protein with a moderate amount of fat, while barley and 
wild rice contain about average proportions of all the nutritive ingre- 
dients. Judged by their chemical composition alone, that is, by the 
total amount of nutrients furnished, of the six most important cereal 
grains, namely, wheat, oats, rice, corn, rye, and barley, oats appear 
to furnish the nutrients in better proportions than the other cereals. 
Wheat ranks very close to oats and corn next to wheat. 

The hulling and other processes followed in the manufacture of 
cereal breakfast foods frequently remove some of the crude fiber of 
the outer layers of the grain, and so many of the manufactured prod- 
ucts contain less of this indigestible material than the original grain. 
In general, however, a comparison of the cereal breakfast foods and 
the grains from which they are made shows that the manufactured 
products are very similar in composition to the original grain. This 
is what might be expected when it is remembered that cleaning, mill- 
ing, and otherwise manipulating the grains take little from them and 
add nothing to them, though such processes may and do modify 
materially the appearance, texture, and flavor. 

When digestible nutrients are considered, the differences between 
the various cereal preparations are not more marked, and, as may 
be seen from the data in Table 1, the relative rank of the cereals is 
about the same as when they are compared on the basis of total nutri- 
ents. Thus, the oat foods contain the largest amounts of digestible 
protein and fat and their fuel value is highest. The wheat preparations, 
either plain or malted, rank next to the oats as regards digestible pro- 
tein. The barley, corn, and rice preparations are much alike, both in 
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the amounts of digestible nutrients furnished and in the available 
energy which they yield. The table also shows that the quantities of 
nutrients digested from the breakfast cereals correspond very closely 
to the quantities digested in other cereal preparations from the same 
grains. Thus, wheat breakfast foods and macaroni supply about 
equal amounts of digestible material, as do also corn mush and corn 
bread. The so-called partially digested or ready-to-eat cereals seem 
to supply no more digestible material than the plain grains when well 
cooked. 

Owing to the differences in the amount of water contained in the 
different classes of cereal foods, it is perhaps fairest to compare the 
uncooked breakfast cereals with flours and meals, and the ready-to-eat 
goods with such dry materials as macaroni and crackers, though these 
latter on an average contain a trifle less water than the breakfast 
foods. On.such a basis it will be seen that hominy seems to contain a 
little more digestible protein and a little less digestible carbohydrates 
than corn meal, the differences being due perhaps in part to the 
method of preparation and in part to the kind of corn used. The wheat 
flours contain on an average more digestible protein and digestible 
carbohydrates than the wheat breakfast foods. Crackers are poorer 
in digestible protein and carbohydrates than the comparable breakfast 
foods, but usually contain so much added fat that their total fuel value 
is higher. Macaroni is very like wheat breakfast foods in composition 
and food value. 

If any of these foods are compared with meats it will be seen that 
they contain considerably less digestible protein and fat than the flesh 
foods, but furnish large proportions of digestible carbohydrates which 
are practically lacking in meat and meat products. The high fat con- 
tent of most meats would, however, furnish more than enough energy 
to offset that of the carbohydrates in the cereals, so that as they appear 
on the table meats on an average supply, pound for pound, more 
digestible protein and have a higher energy value than the cereal 
breakfast foods, which are an excellent source of digestible carbo- 
hydrates and furnish at the same time considerable amounts of digest- 
ible protein; but they do not furnish the same amounts or proportions 
of nutrients as flesh foods. 

DIGESTIBILITY. 

A large number of experiments with healthy men, to learn how 
thoroughly cereal breakfast foods are digested, have been carried out 
at the Connecticut (Storrs), Maine, and Minnesota agricultural experi- 
ment stations, in the majority of which the cereals were eaten with 
cream and a little sugar and the digestibility of the cereal breakfast 
food alone was computed by the usual methods from the values 
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obtained from the ration as a whole. In other tests the cereals formed 
a fair proportion of a simple mixed diet, which is, of course, the way 
they are usually served. The " ready-to-eat" goods were served with- 
out further cooking. The others were thoroughly cooked. 

Table 2 summarizes the results of the digestion experiments with 
cereal breakfast foods, similar data regarding some other food prod- 
ucts being included for the purpose of comparison. 



Table 2. — Coefficients of digestibility of different classes of cereal foods and a few other 

foods. 



Kind of food. 


Protein. 


Fat. 


Carbohy- 
drates. 


Energy. 


CEREAL BREAKFAST FOODS. 


Per cent. 


Per cent. 


Per cent. 


Per cent. 




77.9 


<i90.0 


97.0 


87.8 




75.4 


H90.0 


91.4 


84.7 


74.7 


a90.0 


93.0 


86.6 


Wheat products uncooked, decorticated 


80.9 


a 90.0 


95.6 


89.3 




72.7 


a90.0 


91.0 


83.3 




83.1 


a 90,0 


93.1 


86.1 




(-77.8 


O90.0 


693.8 


686.4 




6 77.8 


a90.0 


693.8 


686.4 


677.8 


a90.0 


693.8 


686.4 




73.9 


a 90. 


98.9 


94.5 




83.0 


a90.0 


98.0 


90.0 




677.8 


a90.0 


6 93.8 


686.4 




577.8 


«90.0 


693.8 


686.4 


OTHER FOODS FOR COMPARISON. 












88.0 


O90.0 


98.0 


92.0 




76.0 


190.0 


91.0 


83.0 




82.0 


a90.0 


94.0 


87.0 


Macaroni 


86.8 


a90.0 


97.4 


92.1 




78.0 


a90.0 


97.0 


80.0 




73.0 


<i90.0 


99.0 


91.0 


Beefsteak 


98.0 


98.0 









a Estimated value. 6 Calculated on the basis of available data. 



The range in the digestibility of protein was greater than with car- 
bohydrates or energy. As regards the protein of cereal breakfast 
foods, the highest coefficient of digestibility, 83.1 per cent, was noted 
with rolled- wheat products partially cooked — i. e. , cooked at the fac- 
tory — and the lowest coefficient, 72.7, with undecorticated wheat prod- 
ucts. The cereal breakfast foods, in general, like entire-wheat and 
and Graham bread, are somewhat less digestible than white bread. 

In a series of digestion experiments made at the Maine Experiment 
Station rolled oats, rolled wheat, granulated corn meal, hominy, and 
some of the common commercial brands of specially prepared break- 
fast foods were studied. The ready-to-eat goods were used as manu- 
factured, while th^ rolled wheat, oats, and other such brands were 
thoroughly cooked in a double boiler. In general, about 90 per cent 
or over of the organic matter was assimilated when the cereals were 
eaten in a mixed diet containing bread and meat and in a simple diet 
of cereal, cream, and sugar, and also when the results were computed 
for the cereal breakfast food alone. In the case of the mixed diet 
the highest coefficient of digestibility of protein, 93.2, was noticed 
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with rolled wheat, and the lowest, 88.9 per cent, with hominy. In 
the case of the simple diet, the range in the digestibility of protein 
was from 82.3 per cent with granulated corn meal to 91.6 per cent 
with rolled wheat. Considering the results as computed for the cereal 
breakfast foods alone, the lowest value, 57.7 per cent digestibility 
of protein, was noted with a specially prepared whole-wheat product, 
and the highest value, 85 per cent, with rolled oats. The availability 
of energy was high in all cases. It was not far from 90 to 93 per 
cent with the mixed diet. With the simple diet the range was some- 
what greater, namely, from 91.1 per cent with a specially malted 
cereal to 96.4 per cent with hominy. With cereals alone the lowest 
value was 84.1 per cent available energy with a specially prepared 
whole-wheat cereal, and the highest value, 94.4 per cent, with hominy. 

In these tests corn products with a mixed diet and with a simple 
diet made a favorable showing as regards both total organic matter 
and energy, but were inferior to the other goods in respect to the 
digestibility of protein. The conclusion was reached that if the cereal 
breakfast foods, especially those made from oats, corn, and wheat, are 
rated in proportion to the digestibility of their protein when used 
with a mixed diet, rolled wheat must be placed first and the corn 
products last. When the digestibility of the cereals alone was calcu- 
lated, rolled wheat ranked first, not only in digestibility of the 
total organic matter, but also with respect to the protein. The rolled 
oats ranked next, and the corn preparations and a specially prepared 
whole-wheat product the lowest of all. 

WHEAT PBEPABATIONS WITH AND WITHOUT BEAN. 

Much has been said recently about the comparative values of wheat 
preparations with and without bran. The bran of wheat consists of 
three layers, all of which contain larger proportions of crude fiber than 
the interior of the grain. The two outer layers also contain more of 
certain desirable mineral matters, notably phosphorus compounds, 
lime, and iron, than the other parts of the grain, while the innermost 
layer contains a special kind of protein, also valuable. In Graham 
flour and perhaps a few of the whole-wheat breakfast foods all the 
bran is left in. In the so-called "whole" or "entire" wheat flours 
and most wheat breakfast foods, the attempt is made to remove the 
two outer coats and all three seed coats in making the white or patent- 
process flour and some of the special breakfast-food preparations. 
The question is whether or not the mineral matters and protein gained 
from the bran compensate for the increase in cellulose. In a large 
number of experiments with bread made from the different kinds of 
flour," it was found that however superior Graham and entire-wheat 

«U. 8. Dept. Agr., Office of Experiment Stations Buls. 85, 101, 126, 143. 
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flour were in composition, the bread made from them was so much 
less thoroughly digested that they supplied the body with less available 
nutrients than similar bread made from white flour. Experiments 
which have been made with cereal breakfast foods also show that 
the presence of bran slightly lessens the amount of nutrients digested. 

For persons troubled with constipation food products containing the 
bran are doubtless often valuable, as the coarse particles tend to 
increase the peristaltic action of the intestines. Whether or not they 
should be given to invalids is a question for physicians, who are 
acquainted with the special cases, to decide. The difference between 
them and the bran-free foods is, however, so slight that the ordinary 
healthy person can safely consult his taste, convenience, and economy 
in choosing between them, as all are wholesome and quite generally 
palatable. It should be remembered also that the use of a number of 
different kinds of foods of a similar character is one way of giving 
variety to the diet, and variety is generally admitted to be desirable. 

" PEEDIGESTED " AND "MALTED" BEEAKFAST FOODS. 

The idea of having part of the process of digestion performed out- 
side of the body is not a new one, nor is it confined to human food. 
About thirty years ago there was a furor over malted fodder for cat- 
tle, which it was claimed would greatly increase the strength and flesh 
of the animals by sparing them part of the work of digestion. It was 
soon found, however, that the cattle did fully as well when left to per- 
form their own work of digestion in the way that nature intended. 

Physicians have used predigested foods of different sorts for their 
patients for many years. Since the diastase of malt imitates the work 
of the diastase of saliva and pancreas so well, it is the common means 
of predigesting carbohydrates, when that is necessary, just as the 
preparations of pepsin and pancreatic juice are used for the predi- 
gestion of protein. Ordinarily predigested foods are intended for 
invalids under special conditions, and for them only on the doctor's 
orders. The modern American breakfast foods, however, which 
claim to be predigested are recommended by the manufacturers for 
general use. 

The diastase of malt is, as has been said, supposed to change the 
insoluble starch in these cereal foods into more soluble forms. If 
sufficient malt were used under the right conditions, a considerable 
portion of the starch would undoubtedly be thus transformed. But 
this does not appear to be the case in the majority of the preparations 
which claim "to be predigested. Among a number of malted breakfast 
cereals analyzed at the Iowa Experiment Station" the largest amount 
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of soluble carbohydrates found was 13.23 per cent of the total carbo- 
hydrates, the next largest 10.91 per cent, and the lowest 0.35 per cent, 
while the average was in the neighborhood of 5 per cent. Judging 
from other analyses, 0 dextrin forms the largest part of the soluble car- 
bohydrates in these preparations. In some cases the soluble carbo- 
hydrates may have been formed by the action of malt, but there is 
reason to believe that in certain cases soluble carbohydrates like glu- 
cose were simply added during the process of manufacture. More- 
over, most of these malted goods seem to have been parched or cooked 
in part by dry heat, and some dextrin or other soluble carbohydrate is 
commonly produced from starch by dry heat without the aid of dias- 
tase. Hence it appears that in most of the malted cereals very little 
of the starch is converted into any soluble form other than dextrin, and 
that the dry heat of cooking produced at least a part of that change. 
Certainly the claims made for some brands that the carbohydrates are 
completely or largely predigested are quite unwarranted. Further- 
more, it must be remembered that if the cereal foods are thoroughly 
cooked at home before serving, the proportion of soluble or at least 
gelatinized carbohydrates formed will be fairly high, certainly as high 
or higher than in the predigested foods designed to be eaten raw. 
Malt has a characteristic taste which is relished by many, and on this 
account the malted cereals are often liked. Their use helps to add 
variety to the diet, which, as noted above, is an advantage. 

It is interesting to note that a product in appearance and taste very 
closely resembling some of the granular specially prepared breakfast 
foods may be made at home by dipping small pieces of Graham bread 
in a dilute mixture of glucose and malt, drying in an oven, and crushing. 
(See also p. 31.) 

It seems to be the case, then, that these special cereal foods do not 
merit the name "predigested," and this may be an advantage rather 
than the reverse. It is questionable whether it would be of advantage 
to a healthy person to have his food artificially digested. The body 
under normal conditions is well adapted to utilize such foods as the 
ordinary mixed diet provides, among them the carbohydrates from the 
cereals. Moreover, it is generally believed that for the digestive 
organs, as for all others of the body, the amount of exercise they are 
normally fitted to perform is an advantage rather than the reverse. 
It has been said that "a well man has no more need of predigested food 
than a sound man has of crutches." If the digestive organs are out of 
order it may be well to save them work, but troubles of digestion are 
often very complicated affairs and the average person rarely has the 
knowledge needed to prescribe for himself. In general, those who 
are well should do their own work of digestion and those who are ill 
should consult a competent physician. 
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While breakfast foods of this class are usually not predigested, as 
they claim to be, they are, on the other hand, quite free from harmful 
ingredients and have much the same nutritive value as other prepara- 
tions of similar grains and have a flavor which many like. They are 
on an average higher priced than the others, but aside from this con- 
sideration of economy there is no reason why those who like them 
should not use them as they do other ready-to-eat cereals. 

COOKING. 

For the average person the proper cooking of cereals is quite as 
important as the proportions of different nutrients which they con- 
tain. Variations in the composition of similar brands are, as has been 
shown, for the most part comparatively unimportant, but it seems fair 
to assume that indifferent cooking affects more or less the ease of diges- 
tion and the amount of nutrients which the body can extract from a dish 
of cereal and at the same time detracts from the pleasure of eating. The 
chief purposes of cooking are (1) to sterilize the material, so that any 
undesirable bacteria or parasites or their eggs if accidentally present may 
be rendered harmless; (2) to improve flavor and appearance; and (3) to 
produce such changes in structure that the digestive juices may act more 
readily upon the nutrients present. Heat, especially that employed 
in the process of manufacture, improves the keeping quality, though 
this is not so important in the case of cereal foods as of some other food 
materials, because if the grains are well cleaned and are marketed and 
stored under proper conditions they should be free from dirt, mold 
spores, insects, etc. , and, furthermore, they are so dry that they do not 
furnish a good medium for the growth of molds, bacteria, and other 
low forms of vegetable life. It is interesting to note that parching 
as a means of improving keeping quality was practiced long before the 
reasons for the process were known. Thus, the American Indians often 
parched their corn before storing it, and indeed this practice seems to 
have been very generally followed since early times in most countries 
when it was desired to store grains or seeds or to protect them during 
transportation. 

The second purpose of cooking, to improve flavor and appearance, 
has a value beyond a mere catering' to the eye and to the palate, since 
there may be a direct gain in digestibility. Appetizing foods in some 
way stimulate the flow of the digestive juices, while those that are eaten 
without relish seem to retard it. 

The third purpose of cooking, to convert the nutrients into more 
digestible forms, is especially important in vegetable foods which, like 
the cereals, contain a large proportion of crude fiber. As has been 
stated, the nutrients of the grain are found inside the starch-bearing 
and other cells, and the walls of these cells are made of crude fiber, on 
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which the digestive juices have little effect. Unless the cell walls are 
broken down, the nutrients can not come under the influence of the 
digestive juices until the digestive organs have expended material 
and energy in trying to get at them. Crushing the grain in mills and 
making it still finer by thorough mastication breaks many of the cell 
walls, and the action of the saliva and other digestive juices also dis- 
integrates them more or less, but the heat of cooking accomplishes 
the object much more thoroughly. The invisible moisture in the cells 
expands under the action of heat, and the cell walls burst; and the water 
added in cooking also plays an important part in softening and ruptur- 
ing them. Then, too, the cellulose itself may be changed by heat 
to more soluble forms. Heat also makes the starch in the cells at least 
partially soluble, especially when water is present. The solubility of 
the protein is probably as a rule somewhat lessened by cooking, 
especially at higher temperatures. Long, slow cooking is therefore 
better, as it breaks down the crude fiber and changes the starch to sol- 
uble forms without materially decreasing the solubility of the protein. 

Investigators differ as to the amount of soluble carbohydrates pro- 
duced by long-continued cooking. Gudeman" reports 38 per cent 
soluble carbohydrates in cooked as compared with 5 per cent in raw 
breakfast cereals. 

In experiments made with rolled oats at the Minnesota Experiment 
Station 6 it appeared that cooking (four hours) did not make the starch 
much more soluble. However, it so changed the physical structure of 
the grains that a given amount of digestive ferment could render much 
more of it soluble in a given time than when it was cooked for only 
half an hour. 

On the basis of the results obtained, the difficulty commonly experi- 
enced in digesting imperfectly cooked oatmeal was attributed in a dis- 
cussion of these experiments to the large amounts of glutinous material 
which surround the starch grains and prevent their disintegration. 
When thoroughly cooked the protecting action of the mucilaginous 
proteid material is overcome, and the compound starch granules are 
sufficiently disintegrated to allow the digestive juices to act. In other 
words, the increased digestibility of the thoroughly cooked cereal is 
supposed to be largely due to a physical change in the carbohydrates, 
which renders them more susceptible to the action of digestive juices. 
The rupturing of hard cell walls by the heat of cooking is also of 
importance, as was pointed out above. 

Cereals differ considerably in the amount of cooking required to 
make them as digestible as possible, but not enough is definitely known 
on the subject to say exactly how long each kind should be cooked. 

a Jour. Amer. Chem. Soc, 26 (1904), p. 321. 
ft Minnesota Sta. Bui. 74, p. 153. 
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In general, it is true that the more abundant and coarse the crude fiber 
the longer should be the cooking period. For this reason whole grains 
require longer cooking than partially crushed ones, and those con- 
taining the skin of the seed more than those from which it has been 
removed. For instance, whole corn kernels require longer cooking 
than fine hominy, and whole wheat preparations more than flour gruel. 
Rice, which is remarkably free from crude fiber, can be thoroughly 
cooked in a comparatively short time. 

In the case of the partially cooked cereals it is difficult to know how 
much of the necessary cooking has been done at the factory. It is safe to 
assume that they still require at least all the cooking suggested in the 
directions usually accompanying the package and probably would not 
be harmed by considerably more. Physicians sometimes complain 
that these preparations are indigestible and prefer old-fashioned home- 
cooked grains. Yet it is hard to see why the partially cooked cereals, 
if they are properly recooked before serving, should not be just as 
digestible as those cooked entirely at home, and they certainly permit 
some economy in fuel and time. With all cereals it should be remem- 
bered that overcooking is unusual and harmless, while undercooking is 
common and undesirable. 

Recent experiments on the digestibility of the protein of oatmeal 
indicate that this nutrient is more thoroughly digested when the meal 
is well cooked than when only slightly cooked, and also when the oats 
are rolled or malted than when simply crushed and boiled, probably 
because the increased heat or pressure or the action of the malt breaks 
down more of the cell walls. In other experiments, where the diges- 
tion of the protein of the wheat was artificially imitated by the use of 
pepsin, raw separated gluten was found more digestible than cooked, 
and gluten gruel more digestible than gluten wafers. Such experi- 
ments, however, represent only a part of natural digestion, and their 
results would be of importance mainly in the case of invalids, as 
the whole process of digestion of normal persons would probably insure 
reasonably complete digestion. 

ABSORPTION OF WATER— SOLUBILITY OF CEREALS — GRUELS. 

When cereals are cooked in water two kinds of changes occur besides 
those already referred to — i. e. , part of the water is absorbed into the 
grain and part of the solid matter passes into the water. Some cereals 
absorb much more water than others before they are sufficiently cooked 
to be at their best. This probably depends largely on the amount of 
time required for cooking. Raw oatmeal contains only 7 per cent of 
water (see Table 1), but when cooked 84 per cent, according to recent 
analyses. On an average the amount of water in hominy increases 
from 11 to 79 per cent in cooking and that in rice from 12 to 72 per 
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cent. If we consider cereals in the form in which they come on 
the table, we certainly get a larger proportion of nutrients from those 
that absorb the least water. Because it is drier a saucer of cooked rice 
actually has a higher food value than a like quantity of cooked oatmeal. 
From this it might be argued that the dry ready-to-eat cereals are 
preferable to those cooked at home, but this is not necessarily the 
case. Many persons, if they do not actually soften th6 dry and 
ready-to-eat cereal foods with hot water before serving, add consid- 
erable milk or cream to them and so make a saucerful about equal 
in moisture content and total food value to a like dish of any other 
cereal. 

There are probably differences in the amount of solid matter 
removed by water in cooking different cereals, but little is definitely 
known on this subject. If rice is boiled in an abundance of water, the 
latter becomes thickened and forms a sort of starch paste, showing 
that some material may be lost in boiling rice if the water is thrown 
away. This is one of the reasons why many persons prefer steaming 
to boiling as a method of cooking this food. In most cases the losses 
in cooking cereal foods are probably negligible. When milk, sugar, 
salt, etc., are added to cereal foods in cooking or serving, the total 
food value of the dish is, of course, greater than that of the cereal 
alone. 

Some instances of the practical application of the fact that part of 
the nutrients of cereals are soluble in water may not be without inter- 
est. Barley water, an old-fashioned beverage much thought of in the 
sick room, is made by boiling barley in water and straining the clear 
liquid from the undissolved barley. Oatmeal water is a similar prep- 
aration often given to sick persons. It is also frequently used as a 
beverage by athletes and by workmen engaged in severe labor, as it is 
believed to quench thirst more satisfactorily than water. This bev- 
erage is prepared by mixing the raw oatmeal with water, stirring it 
thoroughly and allowing the coarser particles to settle. * Some material 
is dissolved and some fine particles undoubtedly remain suspended in 
the liquid, which takes on a somewhat milky appearance. 

Gruels — that is, thin porridges made from oatmeal, rice, corn meal, 
etc. — are usually cooked for a long time and owe their characteristic 
consistency largely to starch in the form of paste, i. e., hydrated and 
gelatinized starch, though undoubtedly some insoluble material is 
retained in suspension. By passing the material through a sieve the. 
coarser undissolved portions of the grain are removed and a smooth, 
more or less thick mass remains, which contains a considerable amount 
of nutritive material. When well made and seasoned such porridges 
or gruels are very palatable. At the same time the dish is so dilute 
that it does not overtax weakened digestive organs. 
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Of course, the amount of nutritive material in gruel depends largely 
on the proportions of water and cereal used. In recent analyses" it 
was found that strained gruels made with a quart of water and an ounce 
of barley, rolled oats, or wheat flour contained on an average about 
2 per cent of solid material, while 8 ounces of cereal with the same 
quantity of water gave 18 to 20 per cent of solids. Dextrinized oats 
and wheat-yielded a richer gruel than the ordinary grains. 

In the section on cereal coffee (p. 33) mention is made of a class of 
cereal products which owe their nutritive value to the soluble constitu- 
ents which they contain. 

RAW CEREAL FOODS. 

Doubtless the number of persons who would care for raw cereal 
foods in any considerable amount is limited, but those who wish them 
can readily purchase cleaned raw grains which, though hard, can be 
masticated without any special difficulty. Raw cereal breakfast foods 
and other products made from the uncooked grains are also on the 
market, in which the hard kernel has undergone some special treat- 
ment which makes it a more convenient article of diet than the raw 
whole grain. It is sometimes claimed that raw foods possess special 
virtues because some vital principle or life force in them has not been 
destroyed by cooking. Such views are not supported by experimental 
evidence nor does physiological chemistry offer data which would 
warrant the belief that they are true. On the other hand, there is no 
reason to suppose that uncooked cereal foods are unwholesome if clean 
and free from bacteria, and they are commonly said to be especially 
useful in counteracting constipation on account of the large amount 
of indigestible crude fiber which they supply. 

ADULTERATION OF CEREAL BREAKFAST FOODS. 

The cereal breakfast foods as a class, it seems fair to say, are ordi- 
narily free from adulteration. Various experiment station chemists 
and public analysts in States having pure-food laws have examined 
the brands on the market, as indeed they examine all classes of food 
at frequent intervals, and found that as a general rule they wer» made 
from good sound grain without admixture of harmful substances. 
Some may be made from coarse milling products, such as wheat mid- 
dlings, and some doubtless contain molasses, glucose, or other similar 
materials which do not appear in the manufacturer's description, but 
which are not injurious. 

Occasionally the percentage of ash or mineral matter in breakfast 
foods is abnormally high, but this is apparently due to common salt 
added to give flavor and not as an adulterant. In general, it may be 

«Med. Rec, 67 (1905), pp. 246, 276. 
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said that there is every reason to suppose that the manufacturers 
endeavor to use wholesome materials and that if an impurity is occa- 
sionally found in their goods it is accidental rather than intentional. 
Furthermore, cereal breakfast foods, as previously noted, are gener- 
ally made from well-cleaned grain and are marketed in a cleanly way. 
In the case of the package goods the form of marketing affords special 
protection while the goods are in the dealer's hands and also in the 
household, where they are very commonly kept in the original card- 
board box or package. 

COST OF CEREAL BREAKFAST FOODS. 

Just as the nutritive value of any food depends not on the total 
composition, but on the digestible nutrients, so its real cheapness or 
dearness depends not merely on the price paid in the market, or even 
that price plus the cost of cooking, but on the cost of the digestible 
nutrients it contains; or, to put it in another way, on the amount of 
digestible nutrients furnished for a given sum. Shoulder of beef at 
12 cents a pound seems like a cheap food, and so it is compared with the 
the more expensive cuts of meat; but it contains so much water and 
refuse (bones, gristle, etc.) that 10 cents spent for it will buy only about 
one-fifth as much actual nutrients as the same sum spent for bread. 

The cereal grains are comparatively free from water and refuse, 
and so there is less range between their price per pound and the cost 
of their nutrients than is the case in other foods. The different brands 
of breakfast foods, however, vary greatly in price, and although, to a 
certain extent, these variations may be due to differences in the cost 
of preparation, price does not indicate very closely the nutritive value 
of the goods. Table 3 shows the real cost of the digestible nutrients 
in the different breakfast preparations as they compare with one 
another and with the other classes of food bought at ordinary market 
prices. 



Table 3. — Comparative cost of digestible nutrients and available energy in different cereal 

breakfast foods. 







Cost of 


Cost of 




Amount for 10 


cents. 


















Price 


one 


1,000 












Kind of food. 


per 
pound. 


pound 
of pro- 
tein. 


calories 
of en- 
ergy. 


Total 
weight 
of ma- 
terial. 


Pro- 
tein. 


Fat. 


Carbo- 
hy- 
drates. 


En- 
ergy. 


Oat preparations: 


Cents. 


Cents. 


Cents. 


lbs. 


lbs. 


lbs. 


Lbs. 


Cals. 


Oatmeal, raw 


3 


0.24 


1.7 


3.33 


0.42 


0.22 


2.18 


5,884 


Do 


4 


.32 


2.3 


2.50 


.31 


.16 


1.64 


4,418 


Rolled oate, steam cooked 


6 


.48 


3.4 


1.67 


.21 


.11 


1.08 


2,938 


Wheat preparations: 


















Flour, Graham 


4 


.40 


2.6 


2.50 


.25 


.01 


1.61 


8,790 


Flour, entire-wheat 


5 


.46 


3.1 


2.00 


.22 


.03 


1.36 


8,188 




S.5 


.36 


2.1 


2.86 


.29 


.03 


2.10 


4,700 


Farina 


10 


1.12 


6.2 


1.00 


.09 


.01 


.73 


1,609 




15 


1.69 


9.3 


.67 


.06 


.01 


.46 


1,005 


Shredded 


12.5 


1.62 


8.2 


.80 


.06 


.01 


.57 


1,217 


Parched and ground 


7.5 


.88 


4.9 


1.33 


.11 


.02 


.94 


2,050 


Malted, cooked, and crushed . . . 


IS 


1.43 


8.5 


.77 


.07 


.01 


.53 


1,175 




11 


1.21 


7.2 


.91 


.08 


.01 


.62 


1,889 
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Table 3.— 



cost of digestible nutrients and available energy in different cereal 
breakfast foods — Continued. 



Kind of food. 



Barley preparations: 

Pearled barley 

Flaked, steam cooked 

Corn preparations: 

Corn meal, granular 

Hominy 

Samp 

Flaked and parched 

Rice preparations: 

Eice, polished 

Flaked, steam cooked 

Miscellaneous foods forcomparison : 

Bread, white 

Do 

Crackers 

Macaroni 

Beans, dried 

Peas, dried 

Milk 

Do 

Sugar 

Do 



Price 
per 
pound. 



Cents. 
7 

15 



4 
5 
18 



15 

6 

5 
10 
12.5 

5 

5 

3 

3.5 

5 

6 



Cost of 

one 
pound 
of pro- 
tein. 



Cost of 
1 000 
calories 
of en- 
ergy. 



Cents. 
1.06 
1.83 

.44 
.62 
.78 
1.73 

1.48 
2.31 

.74 
.62 
1.10 



1.09 



Cents. 
4.6 
9.6 

1.8 
2.4 
8.0 
7.6 

4.7 



5.0 
4.2 
5.3 
7.5 
3.5 
3.4 
9.7 
11.8 
2.8 
3.4 



Amount for 10 cents. 



Total 
weight 
of ma- 
terial. 



Us. 
1.43 
.67 

3. S3 
2.50 
2.00 
.77 

1.25 
.67 

1.67 
2.00 
1.00 
.80 
2.00 
2. 00 
3.33 
2.86 
2.00 
1.67 



Pro- 
tein. 



Lbs. 
0.09 
.05 

.23 
.16 
.13 
.06 

.07 
.04 

.14 
.16 
.09 
.09 
.36 
.38 
.11 



Fat. 



Lbs. 
0.01 



Carbo- 



Lbs. 
1.04 
.50 

2.48 
1.97 
1.57 

.60 

.94 
.51 

.87 
1.04 
.71 
.58 
1.16 
1.20 
.17 
.14 
2.00 
1.67 



The first column of figures gives the price paid for a pound of the 
material in the open market, the second and third the sum necessary 
to buy 1 pound of digestible protein and 1,000 calories of available 
energy, and the last five show how much of total material, digestible 
nutrients, and how many calories of available energy 10 cents will 
purchase when spent for the different food materials. 

If the cereals are compared on the basis of the price paid per pound, 
the corn and oat preparations appear to cost the least; then wheat, 
barley, and rice, in the order named. In 50 cereal breakfast foods 
studied at the Maine Experiment Station 0 the average price of the 
corn preparations was 5.7 cents per pound; of the oat preparations, 6 
cents; and of the wheat preparations (exclusive of four excessively 
high-priced goods), 10.6 cents per pound. Ready-to-eat, partially 
cooked, and raw preparations were grouped together in this compari- 
son, but prices of these three classes of goods vary so much that it 
would perhaps be fairer to consider each class by itself. The minimum 
selling price of the ready-to-eat preparations given in Table 3 is 11 
cents per pound, the maximum 15 cents per pound, and the average 12 
cents per pound. The partially cooked brands also cost somewhat 
more than the raw ones, but these differences are not so noticeable, 
their prices as quoted in Table 3 ranging from 3.1 to 8.6 cents per 
pound, with an average of 6.8 cents. So far as the available data 
show, the raw cereal breakfast foods sell for about 4 cents per pound 
in bulk. The average price of the wheat preparations is much higher 
than that of similar preparations of oats or corn. 
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When we consider the amount of nutrients furnished by the differ- 
ent cereals the order changes somewhat. Taking these facts into con- 
sideration, it can perhaps be said that the real cheapness of the cereal 
breakfast foods runs in the following order: Oats, corn, wheat, bar- 
ley, and rice, but it must not be forgotten that the differences are com- 
paratively slight and the order would be changed by a little variation 
in price or quality. The ready -to-eat preparations of any of the grains 
have about the same proportion of digestible nutrients as the grains 
from which they are made, but they are in general more expensive. 
Judged on the basis of food value, the higher price is paid mainly for 
convenience, novelty, and the advantage, if any, due to special flavor. 

The cost of labor and fuel in preparing food is always an important 
consideration in determining its real economy. In large establish- 
ments and in households where a fire is kept in the range all day for 
other purposes, it takes no extra fuel and very little labor to cook the 
cheap raw cereals. But if the cooking is done on a gas stove, and if 
time and labor are limited, it may be better economy to use the par- 
tially cooked or the ready -to-eat brands. Certainly, thoroughly cooked 
ready-to-eat cereals are more truly economical than others eaten badly 
cooked. Again, if storage space is valuable the small packages in 
which the proprietary goods are sold have an advantage, and such 
goods are, under some conditions, fresher and cleaner. 

The ready-to-eat cereals undoubtedly give a pleasant variety and are 
very convenient. If rigid economy is necessary, the cost of most 
sorts would seem to make their use almost out of the question when 
the amount of actual nutritive material supplied for a given sum is 
considered. Each housekeeper must decide for herself how much she 
can afford to pay for any special convenience and for variety. 

The breakfast foods which are not cooked at the factory and flours 
and meals made from the same grains do not vary much in price or in 
composition, and whatever differences in value there may be between 
them depend mainly on the amount of cooking each requires. The 
partially cooked grains in general are cheaper per pound than maca- 
roni and furnish the food ingredients at less cost. They probably 
require about the same time to cook them properly. If milk and 
sugar are eaten with the breakfast foods, or if cheese or other mate- 
rials are added to the macaroni, these will increase the cost, but also 
the nutritive value of the dish. At the usual prices the nutrients in 
ready-to-eat cereals are considerably dearer than those furnished by 
bread and crackers. 

As regards the other classes of foods included in Table 3, it will be 
seen that the dried legumes are cheaper sources of protein than any of 
the cereals, but have a slightly lower fuel value than oatmeal and corn 
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meal at corresponding prices. When cooked they are more eco- 
nomical than the higher-priced breakfast foods, notwithstanding the 
fact that they are somewhat less thoroughly digested. However, it 
would of course not accord with ordinary food habits to substitute 
legumes for cereals, and this is not intended by the comparison. All 
animal foods, especially meats, are more expensive even as sources of 
protein than cereals. The skillful housewife who wishes to provide 
an economical and palatable menu should bear such facts in mind in 
planning her meals. 

To sum up the foregoing statements, cereals supply actual digesti- 
ble nutrients to the body more cheaply than any other class of foods 
except the dried legumes. The less expensive kinds of breakfast foods 
are as economical as flour or the other forms of cereals with which 
they may justly be compared. The comparatively expensive ready- 
to-eat brands do not yield any extra nutritive value for their higher 
cost, and, so far as can be seen from the available evidence, their only 
advantage lies in their convenience and the pleasant variety they offer. 

BREAKFAST CEBEALS PEEPAEED AT HOME. 

In early times there were many ways of preparing grains and meal, 
such as frumenty and the good King Arthur's famous " bag pudding." 
The partially cooked and ready-to-eat cereals have become so popular 
of late years that the old-fashioned ways of cooking the grains are less 
common than formerly. The ingenious housekeeper can, however, 
secure considerable variety in her breakfast cereals by the use of the 
simple meals or grains. 

One of the dishes which the early New England settlers doubtless 
copied from their Indian neighbors is the homely "corn-meal mush," 
or hasty pudding, which is easily made by boiling ordinary corn meal 
in milk or water. If properly cooked, it is a very nutritious and 
economical dish and has the further advantage, dear to the thrifty 
housewife, that the " left over" portion will be relished if cut in slices 
and fried. Another popular way of using certain varieties of corn is as 
popped corn. This can hardly be termed a breakfast food, but it is not 
infrequently eaten with milk, like other cereal preparations, and for 
many reasons may be classed with the materials here discussed. As 
everyone knows, pop corn kernels, when exposed to a great heat, like 
that from a good bed of coals, will burst open, the white endosperm 
" P 0 Ppi n g " through the torn outer husk. This bursting was formerly 
supposed to be due to the expansion of the fat in the grain under the 
influence of the heat. It is now known to be due to the sudden ex- 
pansion of moisture into steam in the starch cells, which burst like 
small bombs. Popping causes a noticeable change in the proportion of 
the nutrients of corn, but this is mainly due to the loss of water. What 

249 



31 



gives popped corn its peculiar flavor is not definitely known, though it 
is probably due chiefly to a slight caramelization of the carbohydrates 
present. Rice may be popped like corn, although of course the meshes 
of the "popper" must be finer. 

Hominy in the old days was made at home by pounding the corn, 
and lye hominy or hulled corn was also a homemade product. These 
products can now be purchased so readily that probably not many 
care to take the trouble to prepare them in the household. 

Another very economical and appetizing dish is that known, in New 
England at least, as rusks, made by drying and lightly browning stale 
bread or cake in the oven and then crushing. Rusks are eaten with 
milk or cream, like any of the dry breakfast foods. In a recent bul- 
letin of the South Dakota Experiment Station 0 such a product is 
described under the name of dextrinized crumbs. 

It has already been stated that drying whole-wheat or Graham bread 
with a little glucose and malt extract gives a product very like some 
of the ready -to-eat brands of breakfast foods in appearance and flavor, 
but it would doubtless not be worth while to prepare such foods in the 
household. Any stale bread may, however, be dipped in a little molasses 
and water, dried from twelve to twenty-four hours in the warming oven, 
of an ordinary range, then crushed and served like the granular brands of 
breakfast foods. Many tests have been carried on with such homemade 
breakfast foods, and they seem to be quite as appetizing as the prep- 
arations which they resemble and which sell for 12.5 or 15 cents a 
pound. 

If the labor of cooking must be taken into account, and strict 
economy is needful, crackers in milk may well be substituted for the 
ready -cooked breakfast cereals. As has been seen, crackers are similar 
to the regular breakfast foods in composition, and at average prices 
furnish more nourishment for the same amount of money. Nor should 
it be forgotten that as a rational, palatable, and economical dish bread 
and milk ranks very high. 

THE PLACE OF CEREAL BREAKFAST FOODS IN THE DIET. 

It has been estimated that a man at moderate work requires about 
a fifth of a pound of protein and about 3,000 calories of energy per 
day. As a general rule the protein is in considerable measure supplied 
by meat, fish, milk, and other animal foods, which also supply the bulk 
of the fats. The carbohydrates, which are lacking in animal foods, 
are abundantly supplied by the vegetable foods, which also provide 
some protein and a little fat. Fresh fruits and vegetables supply 
acids and other bodies which are believed to have a distinct value as 
stimulants to the appetite and in other ways. The mineral matters 

a South Dakota Sta. Bui. 77, p. 36. 
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needed in a well-balanced diet occur in small but sufficient quantities 
in almost all classes of food materials. In a mixed diet the energy- 
producing carbohydrates are more important ingredients of the vege- 
table foods than protein, which will be supplied by animal foods. Of 
course, if for any reason the animal foods are omitted from the diet, 
the importance of protein and fats in the vegetable foods increases 
greatly. In such cases the legumes and cereals, which contain more 
protein than the vegetables and fruits, take a very important position 
in the menu. 

The most important use of cereals is undoubtedly as breadstuffs. 
Bread has thoroughly established its place as the most palatable, nutri- 
tious, and convenient cereal preparation for general use. Crackers or 
biscuit and the various kinds of cake, pastry, etc., are in a way vari- 
eties of bread or substitutes for it and are recognized as staple foods. 
What place, then, is left for the so-called breakfast foods ? 

At dinner, aside from bread and sweets, carbohydrates are supplied 
in the vegetables served with the meat. In the morning and sometimes 
also at luncheon or supper these do not seem so attractive or convenient 
and in their place we use some preparation of cereals. There are reasons 
for believing that there is a growing tendency in this country to use 
less meat at all meals, perhaps, excepting dinner. This, of course, 
increases the importance of cereal foods as part of the diet. 

Some of the prepared cereal foods are pressed into cakes or in some 
other way manufactured into such forms that they may be eaten to a 
greater or less extent like bread or crackers as an accompaniment to 
various dishes. Such preparations are undoubtedly wholesome and 
nutritious, but except for their flavor and texture, which may appeal 
to many, they do not surpass the ordinary breads, which experiments 
have shown have as great or greater nutritive value and usually cost 
less. Cereal breakfast foods of different kinds are used to a greater 
or less extent in the preparation of made dishes. Thus, a spiced 
steamed pudding may be made from oatmeal, and very palatable little 
cakes can be made from some of the dry flaked cereals. Fried hominy 
and fried corn-meal mush are standard foods sometimes served with 
fried chicken and some other dishes, and boiled rice is a common 
substitute for potatoes or other starchy foods. The manufacturers 
of certain classes of goods have taken great pains to devise recipes 
for their use in making desserts and as ingredients of other dishes. 
The amount of these cereal foods used in this and other similar ways 
is probably large, but the bulk of the total output of the mills and 
manufactories is used to provide a special breakfast dish. 

In the diet of young children cereal foods are of much value. The 
cereal breakfast foods, when they agree with the children, are whole- 
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some and reasonably economical articles. When eaten, as is usually 
the case, with milk or cream they are an important addition to the 
diet. The ill effects sometimes noted may usually be avoided if excess- 
ive amounts of sugar are not added. Dates or figs, which are some- 
times cooked with cereals, not only are palatable and wholesome, but 
also offer an easy way of varying the cereal dish. 

Cereal breakfast foods of different sorts are also valuable foods for 
the aged, as when properly cooked they are soft and easily taken care of 
in the digestive tract. They are often preferred to more hearty foods, 
and their use is certainly rational. In institution dietetics^ especially 
when a considerable number of the inmates are children or aged 
persons, some breakfast cereal should find a place in the menu, and 
is not inconsistent with economy. 

In invalid dietetics cereal foods are, of course, almost indispensable, 
and the standard flours and meals and the more modern prepared 
breakfast and special cereal foods all find their place, either when 
cooked in ordinary ways or for the preparation of gruels or other 
special dishes. 

CEREAL PRODUCTS AS COFFEE SUBSTITUTES, 

Cereal products as coffee substitutes are so closely related to cereal 
breakfast foods that it seems best to say something of them here. 
Several experiment stations have recently made analyses of them which 
have been briefly summarized in a bulletin of this Department." A 
few contain a little true coffee, but for the most part they appear to be 
made of parched grains of barley, wheat, etc., or of grain mixed with 
pea hulls, corncobs, or wheat middlings. It is said that barley 
or wheat parched with a little molasses in an ordinary oven makes 
something indistinguishable in flavor from some of the cereal coffees 
on the market. The manufacturers claim that they make a harmless, 
unstimulating substitute for coffee, hardly to be distinguished from it 
in flavor and yielding much greater nourishment at lower cost. If no 
coffee is used in their preparation, the claim that they are not stimu- 
lating is undoubtedly true. Few coffee lovers will admit, however, 
that cereal substitutes equal or even resemble true coffee in flavor. As 
for the nutritive value, parching the cereal grains undoubtedly renders 
some of the carbohydrates soluble, and part of this soluble matter 
passes into the decoction, but only a small part, as the following data 
for commercial cereal coffee, prepared according to the manufacturer's 
directions included in Table 4, show. The table also contains, for 
purposes of comparison, data regarding the composition of homemade 
cereal coffee (parched corn), tea and coffee infusions, etc. 
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Table 4. — Composition of cereal-coffee infusion and other beverages. 



Kind of beverage. 



Water. 



Protein. 



Fat. 



Carbo- 
hydrates. 



Fuel 
value pet 
pound. 



Commercial cereal coffee (0.5 ounce to 1 pint 

water) 

Parched-corn coffee (1.6 ounces to 1 pint water)... 

Oatmeal water (1 ounce to 1 pint water) 

Coffee (1 ounce to 1 pint water) 

Tea (0.5 ounce to 1 pint water) 

Cocoa (0.6 ounce to 1 pint milk) 

Cocoa (0.6 ounce to 1 pint water) 

Skimmed milk 



Per cent. 
98.2 
99.6 
99.7 
98.9 
99.6 
84.6 
97.1 
90.5 



Per cent. 
0.2 
a. 2 
a. 3 
• .2 
.2 
3.8 
.6 
3.4 



Per cent. 



4.7 
.9 
.3 



Per cent. 
1.4 
.5 
.3 
.7 
.6 
6.0 
1.1 
6.1 



Calories. 
30 
13 
11 
16 
15 

365 
65 

170 



a Assumed. 

The bulk of the infusion of cereal coffee, tea, and coffee is seen to 
be water, and so the nutritive value must be correspondingly low. 
Skimmed milk is about twenty times as nutritious. Cereal-coffee infu- 
sion, like real coffee, owes its flavor and color largely to the caramelized 
carbohydrates formed by roasting the original material. However, 
there are also special volatile bodies in true coffee, which give it the 
characteristic " coffee " flavor. The cereal substitutes are undoubtedly 
cheaper than the real article, costing as they do from 10 to 20 cents 
per pound less than the coffee berry, though much more expensive 
than home-parched rye or corn. For those who, for any reason, can not 
drink true coffee the cereal coffees furnish a harmless substitute, but 
the nutritive value of the infusion, like that of coffee or tea, is hardly 
worth considering in the ordinary diet. 

If strict economy is necessary, it would perhaps be wiser and prob- 
ably just as pleasant to use the old-fashioned "crust coffee," made by 
steeping the toasted or browned broken crusts of white, brown, or 
preferably "rye and Indian" bread in hot water, and then straining 
until comparatively clear. Parched corn, rye, or sweet potatoes, and 
other old-fashioned coffee substitutes, may also be used. 

SUMMARY. 

There is such a bewildering variety of cereal breakfast foods on the 
market, with such differences in appearance, taste, and claims to nutri- 
tive value, that it is hard to make an intelligent choice between them. 
True economy here, as with other kinds of food, depends upon the 
amount of digestible nutrients which can be obtained for a given sum 
of money. 

Of the five cereals most commonly used for breakfast foods, oats 
contain perhaps the largest quantities of the important nutrients, with 
a fairly low proportion of crude fiber. Wheat ranks very close to oats 
in all respects, however, and even when prepared with the bran is 
freer from crude fiber. Many persons consider that the bran contains 
so much protein and desirable mineral matters that it should be retained 
in spite of the crude fiber which it contains. Digestion experiments 
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indicate, however, that the crude fiber makes the whole material so 
much less digestible that more protein is actually available to the body 
when the bran is excluded. Moreover, the ordinary mixed diet 
probably furnishes all the mineral matters which the healthy body 
needs, so bran is not needed for this purpose. The bran-containing 
preparations should be avoided by persons of weak digestion, but are 
often useful in cases of constipation. Such differences are, however, 
too small to be of importance to normal, healthy persons, and all the 
ordinary varieties of breakfast cereals are wholesome. Individual 
taste must determine which are most palatable. Appearance, palata- 
bility, and relative cost will always and rightly be important features 
in the selection of all these cereal breakfast foods. Corn and its prep- 
arations are rich in carbohydrates and fat, but are slightly less 
digestible than the other cereals. Rice is poor in protein, but remark- 
ably free from crude fiber, and consequently furnishes a large pro- 
portion of digestible carbohydrates. Barley contains a fair propor- 
tion of nutrients and is moderately digestible. All these differences 
in composition and digestibility are comparatively slight and may be 
disregarded by healthy persons living on the ordinary mixed diet. 

Thoroughness of cooking is a factor which has a bearing upon 
digestibility. It not only makes the cereals more palatable, but also 
breaks down the walls of indigestible cellulose which surround the 
starch grains and other nutrients and produces other changes so that 
the digestive juices can work on the nutritive ingredients more effect- 
ively. Poorly cooked cereals are l6ss palatable than the same dishes 
well cooked and may cause indigestion and be really harmful. When 
the partially cooked preparations are used care should be taken to 
insure sufficient recooking before serving. The majority of the ready - 
to-eat brands are apparently thoroughly cooked. 

In choosing between the various breakfast foods it must be remem- 
bered that a novel appearance and quasi-scientific name do not neces- 
sarily represent any unusual food value. Unless something is added 
during the process of manufacture, all brands must have just about 
the same composition as the cereals from which they are made, as 
manipulation can not increase the amount of food material in a cereal 
product, though it may materially modify its appearance and flavor. 
As far as the claims to predigestion are concerned, it is safest to 
assume that in at least the majority of cases the goods do not contain 
a much larger proportion of soluble — i. e., partially digested — starch 
than any thoroughly cooked cereal. Fortunately, the matter is of 
little importance to healthy persons, since they are probably better off 
for doing their own normal work of digestion. If any one is so ill as 
to need predigested food, he should depend upon the professional 
advice of a competent physician in selecting it. The predigested and 
malted cereals should be judged by the same standards as the others. 
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It should not be forgotten that breakfast cereals of all sorts are 
usually free from harmful adulterants and that, especially in the case 
of package goods, they reach the consumer in a clean, fresh condition. 

The investigations made at the agricultural experiment stations have 
thus far failed to discover any uniform relation between price and nutri- 
tive value. The retail prices of breakfast cereals run all the way from 
3 cents a pound for some of the plain meals sold in bulk to 15 cents or 
more for some of the ready-to-eat brands. The proportion of nutri- 
ents supplied, pound for pound, does not differ greatly. The partially 
cooked brands, usually medium priced, are certainly easier to prepare 
than the raw grains and may be more truly economical in households 
where time, labor, and fuel are scarce. In general, the ready-to-eat 
brands are higher in price than the partially cooked goods, though 
they have practically the same nutritive value, pound for pound, as 
other classes of cereal breakfast foods. The extent to which they 
should be used for their special flavor and the variety they give to the 
diet must be decided according to individual circumstances. It is only 
fair to add, however, that, whatever the relative food values of malted 
and unmalted foods, the cost of the fonner to the manufacturer is 
greater, and the increased price is to this extent justified. 

In the selection of cereal breakfast foods the consumer may be guided 
by the results of analyses of disinterested chemists, by the digestibility 
as determined by actual tests, by cost, by taste, by economy, or by the 
observed effects of the goods upon individuals. It seems fair to con- 
clude that the chemical composition, considered in connection with 
digestibility and cost, furnishes a satisfactory guide for selection, due 
attention being paid to palatability and individual preferences. 

All things considered, the cereal breakfast foods as a class are 
nutritious, convenient, and reasonably economical foods and worthy 
of an important place in the diet when judiciously combined with 
other foods. 
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FARMERS' BULLETINS. 

The following is a list of the Farmers' Bulletins available for distribution, showing 
the number and title of each. Copies will be sent to any address on application to 
any Senator, Representative, or Delegate in Congress, or to the Secretary of Agricul- 
ture, Washington, D. C. 

No. 22. The Feeding of Farm Animals. No. 24. Hog Cholera and Swine Plague. No. 25. Peanuts: 
Culture and Uses. No. 27. Flax for Seed and Fiber. No. 28. Weeds: And How to Kill Them. No.29. 
Souring and Other Changes in Milk. No. 30. Grape Diseases on the Pacific Coast. No. 32. Silos and 
Silage. No. 33. Peach Growing for Market. No. 34. Meats: Composition and Cooking. No. 86. Potato 
Culture. No. 36. Cotton Seed and Its Products. No. 37. Kafir Corn: Culture and Uses. No. 89. 
Onion Culture. No. 41. Fowls: Care and Feeding. No. 43. Sewage Disposal on the Farm. No. 44. 
Commercial Fertilizers. No. 46. Irrigation in Humid Climates. No. 47. Insects Affecting the Cot- 
ton Plant. No. 48. The Manuring of Cotton. No. 49. Sheep Feeding. No. 61. Standard Varieties of 
Chickens. No. 52. The Sugar Beet. No. 54. Some Common Birds. No. 65. The Dairy Herd. No. 
66. Experiment Station Work — I. No. 58. The Soy Bean as a Forage Crop. No. 59. Bee Keeping. No. 
60. Methods of Curing Tobacco. No. 61. Asparagus Culture. No. 62. Marketing Farm Produce. 
No. 63. Care of Milk on the Farm. No. 64. Ducks and Geese. No. 65. Experiment Station Work— II. 
No. 66. Meadows and Pastures. No. 68. The Black Rot of the Cabbage. No. 69. Experiment Station 
Work— III. No. 70. Insect Enemies of the Grape. No. 71. Essentials in Beef Production. No. 72. 
Cattle Ranges of the Southwest. No. 73. Experiment Station Work— IV. No. 74. Milk as Food. 
No. 77. The Liming of Soils. No. 78. Experiment Station Work— V. No. 79. Experiment Station 
Work— VI. No. 80. The Peach Twig-borer. No. 81. Corn Culture in the South. No. 82. The Culture 
of Tobacco. No. 83. Tobacco Soils. No. 84. Experiment Station Work— VII. No. 85. Fish as Food. 
No. 86. Thirty' Poisonous Plants. No. 87. Experiment Station Work— VIII. No. 88. Alkali Lands. 
No. 91. Potato Diseases and Treatment. No. 92. Experiment Station Work— IX. No. 93. Sugar as 
Food. No. 94. The Vegetable Garden. No. 95. Good Roads for Farmers. No. 96. Raising Sheep for 
Mutton. No. 97. Experiment Station Work— X. No. 98. Suggestions to Southern Farmers. No. 99. 
Insect Enemies of Shade Trees. No. 100. Hog Raising in the South. No. 101. Millets. No. 102. South- 
ern Forage Plants. No. 103. Experiment Station Work — XI. No. 104. Notes on Frost. No. 105. 
Experiment Station Work— XII. No. 106. Breeds of Dairy Cattle. No. 107. Experiment Station 
Work— XIII. No. 108. Saltbushes. No. 109. Farmers' Reading Courses. No. 110. Rice Culture in 
the United States. No. 111. Farmers' Interest in Good Seed. No. 112. Bread and Bread Making. 
No. 113. The Apple and How to Grow It. No. 114. Experiment Station Work— XIV. No. 115. Hop Cul- 
ture in California. No. 116. Irrigation in Fruit Growing. No. 118. Grape Growing in the South. No. 
119. Experiment Station Work— XV. No. 120. Insects Affecting Tobacco. No. 121. Beans, Peas, and 
other Legumes as Food. No. 122. Experiment Station Work— XVI. No. 123. Red Clover Seed: Infor- 
mation for Purchasers. No. 124. Experiment Station Work— XVII. No. 125. Protection of Food Prod- 
ucts from Injurious Temperatures. No. 126. Practical Suggestions for Farm Buildings. No. 127. 
Important Insecticides. No. 128. Eggs and Their Uses as Food. No. 129. Sweet Potatoes. No. 131. 
Household Tests for Detection of Oleomargarine and Renovated Butter. No. 132. Insect Enemies 
of Growing Wheat. No. 133. Experiment Station Work— XVIII. No. 134. Tree Planting in Rural 
School Grounds. No. 1S5. Sorghum Sirup Manufacture. No: 136. Earth Roads. No. 137. The Angora 
Goat. No. 138. Irrigation in Field and Garden. No. 139. Emmer: A Grain for the Semiarid Regions. 
No. 140. Pineapple Growing. No. 141. Poultry Raising on the Farm. No. 142. Principles of Nutri- 
tion and Nutritive Value of Food. No. 143. Conformation of Beef and Dairy Cattle. No. 144. 
Experiment Station Work — XIX. No. 145. Carbon Bisulphid as an Insecticide. No. 146. Insecticides 
and Fungicides. No. 147. Winter Forage Crops for the South. No. 148. Celery Culture. No. 149. 
Experiment Station Work— XX. No. 150. Clearing New Land. No. 151. Dairying in the South. 
No. 152. Scabies in Cattle. No. 153. Orchard Enemies in the Pacific Northwest. No. 154. The Home 
Fruit Garden: Preparation and Care. No. 155. How Insects Affect Health in Rural Districts. No. 156. 
The Home Vineyard. No. 157. The Propagation of Plants. No. 158. How to Build Small Irrigation 
Ditches. No. 159. Scab in Sheep. No. 161. Practical Suggestions for Fruit Growers. No. 162. Experi- 
ment Station Work— XXI. No. 164. Rape as a Forage Crop. No. 165. Culture of the Silkworm. 
No. 166. Cheese Making on the Farm. No. 167. Cassava. No. 168. Pearl Millet. No. 169. Experi- 
ment Station Work— XXII. No. 170. Principles of Horse Feeding. No. 171. The Control of the Cod- 
ling Moth. No. 172. Scale Insects and Mites on Citrus Trees. No. 173. Primer of Forestry. No. 174. 
Broom Corn. No. 175. Home Manufacture and Use of Unfermented Grape Juice. No. 176. Cranberry 
Culture. No. 177. Squab Raising. No. 178. Insects Injurious in Cranberry Culture. No. 179. Horse- 
shoeing. No. 181. Pruning. No. 182. Poultry as Food. No. 183. Meat on the Farm — Butchering, 
Curing, etc. No. 184. Marketing Live Stock. No. 185. Beautifying the Home Grounds. No. 186. 
Experiment Station Work— XXIII. No. 187. Drainage of Farm Lands. No. 188. Weeds Used in Medi- 
cine. No. 190. Experiment Station Work— XXIV. No. 192. Barnyard Manure. No. 193. Experiment 
Station Work— XXV. No. 194. Alfalfa Seed. No. 195. Annual Flowering Plants. No. 1%. Usefulness of 
the American Toad. No. 197. Importation of Game Birds and Eggs for Propagation. No. 198. Strawber- 
ries. No. 199. Corn Growing. No. 200. Turkeys. No. 201. Cream Separator on Western Farms. No. 202. 
Experiment Station Work— XXVI. No. 203. Canned Fruits, Preserves, and Jellies. No. 204. The 
Cultivation of Mushrooms. No. 205. Pig Management. No. 206. Milk Fever and its Treatment. 
No. 208. Varieties of Fruits Recommended for Planting. No. 209. Controlling the Boll Weevil in 
Cotton Seed and at Ginneries. No. 210. Experiment Station Work— XXVII. No. 211. The Use of 
Paris Green in Controlling the Cotton Boll Weevil. No. 212. The Cotton Bollwonn— 1904. No. 213. 
Raspberries. No. 215. Alfalfa in the Eastern States. No. 216. Control of the Cotton Boll Weevil. 
No. 217. Essential Steps in Securing an Early Crop of Cotton. No. 218. The School Garden. No. 219. 
Lessons taught by the Grain-Rust Epidemic of 1904. No. 220. Tomatoes. No. 221. Fungous Diseases 
of the Cranberry. No. 222. Experiment Station Work— XXVIII. No. 223. Miscellaneous Cotton 
Insects in Texas. No. 224. Canadian Field Peas. No. 225. Experiment Station Work— XXIX. No. 
226. Relation of Coyotes to Stock Raising in the West. No. 227. Experiment Station Work— XXX. 
No. 228. Forest Planting and Farm Management. No. 229. The Production of Good Seed Corn. No. 
230. Game Laws for 1905. No. 231. Spraying for Cucumber and Melon Diseases. No. 232. Okra: Its 
Culture and Uses. No. 233. Experiment Station Work— XXXI. No. 234. The Guinea Fowl and Its 
Use as Food. No. 235. Cement Mortar and Concrete. No. 236. Incubation and Incubators. No. 237. 
Experiment Station Work— XXXII. No. 238. Citrus Fruit Growing in Gulf States. No. 239. The Cor- 
rosion of Fence Wire. No. 240. Inoculation of Legumes. No. 241. Butter Making on the Farm. No. 
242. An Example of Model Farming. No. 243. Fungicides and Their Use in Preventing Diseases in 
Fruit. No. 244. Experiment Station Work— XXXIII. No. 245. Renovation of Worn-out Soils. No. 246. 
Saccharine Sorghums for Forage. No. 247. The Control of the Codling Moth and Apple Scab. No. 248. 
The Lawn. No. 249. Cereal Breakfast Foods. No. 250. The Prevention of Stinking Smut of Wheat 
and Loose Smut of Oats. No. 251. Experiment Station Work— XXXIV. 



